The effect of smoking on the heart has been a controversial subject. The present studies were undertaken to investigate the effect of cigarette smoking on the coronary flow, myocardial usage of oxygen and myocardial extraction of glucose, pyruvate, lactate, and ketones. Catheterization of the coronary sinus revealed that cigarette smoking in patients without heart disease results in a significant rise in coronary blood flow and heart rate and a significant (Icelilie in coronary vascular resistance and myocardial extraction of oxygen Despite these generally accepted actiolls ons specific tissue, the effect of smoking on the heart has been a controversial subject. The experimental literature on the effect of nicotine on animal and heart-lung preparations is contradictory. In 1912 Meyer, 8 
T HE most important pharmacologically active constituent of tobacco smoke is nicotine. Irom 1 to 4 mg. of this alkaloid are absorbed from each cigarette into the blood stream during smoking. '2 T2he primary action of nicotine consists of a transient stimulation followed by depression of all sympathetic and parasympathetic ganglia.3 Nicotine has a similar effect on skeletal muscle and the central nervous system, and may act directly on smooth muscle. It probably causes vasocoinstriction in blood vessels amid, in the intestine, increased motility.4 Action of nicotine on the central nervous system first results in stimulation of the respiratory, vasomotor, and emetic centers.5 Burn and associates" have shown that nicotine exerts its antidiuretic action through stimulation of the supraoptic hypophysial system with a resultant release of posterior pituitary hormone. The release of epinephrine is also said to occur with small doses of nicotine. 7 Despite these generally accepted actiolls ons specific tissue, the effect of smoking on the heart has been a controversial subject. The experimental literature on the effect of nicotine on animal and heart-lung preparations is contradictory. In 1912 Meyer, 8 
METHODS
The tests were attempted on 30 adult volunteers, both male and female, smokers and nonsmokers, who were kept in a fasting state for 12 hours prior to the procedure. Prior to the test, the subjects were fully informed of the nature of the procedure and their written consent was obtained. Coronarv sinus catheterization w-as successfully performed on 14 of them. Their ages ranged from 18 to 53 years. None of the volunteers was known to have coronary disease. A cardiac catheter was inserted into the right atrium and a needle into the right femoral artery. Cardiac output was determined by the Fick principle. With the patient in the left lateral position the catheter was inserted into the coronary sinus. Simultaneous arterial and coronary sinus blood samples were drawn for glucose, ketones, pyruvate, and lactate determinations. The coronary blood flow was determined bv the nitrous oxide method.23 After the samples for the (letermination of the coronary blood flow were obtained during the control period, nitrous oxide was continued for an additional 10 minutes. At the end of a total of 14 minutes of nitrous oxide inhalation, the nitrous oxide was discontinued and the patient smoked a cigarette while the coronary blood flow was again measured by means of the nitrous oxide desaturation method. 24 Previous work from this laboratory has indicated that the saturation method and the desaturation method with nitrous oxide give identical results. Arterial and coronary sinus samples were again drawn and the cardiac output was measured. Myocardial usage of foodstuffs and of oxygen per 100 Gm. of heart muscle was (alculated as the product of the coronary flow per 100 Gm. of heart muscle times their respective mnvocardial extractions.
The only untoward reaction noted during the procedure was a precipitous drop in blood pressure to shock levels, which occurred in 5 subjects immediately after or during smoking, and which was accompanied by pallor, nausea, and sweating. As soon as the fall in blood pressure was noted, the procedure was discontinued. The patients recovered in from 2 to 5 minutes with a rapid return to normal blood pressure. In 3 of these 5, the coronary blood flow had already been determined during smoking. It seems likely that these episodes were due to nicotine rather than the technical procedures carried out, since none of these symptoms has ever been observed during fig. 2 ). The myocardial oxygen extraction declined from a mean of 12.7 volumes per cent to 11.2 volumes per cent (table 1) . Since the fall in myocardial oxygen extraction was proportional to the rise in coronary blood flow, the myocardial oxygen usage was not significantly changed; the heart rate increased from an average of 87 before smoking to 93 afterwards (table 1) . This rise was not so great as that usually reported in the literature, but because of apprehension the heart rate of most subjects was rapid even before the procedure was started.
The glucose extraction fell significantly from all average of 3.62 mg. per cent to 2.18 mg. per cent (p < .05) (table 2). This change was probably the result of the increased coronary blood flow, since glucose usage was not significantly increased. Myocardial pyruvate extraction fell, but the change was not statistically significant (p > .05) ( This assumption is borne out by the observations of Rinzler, who found that nicotine increased the coronary flow through a perfused normal rabbit's heart; when, however, the animal had previously been made atherosclerotic by a high cholesterol diet, nicotine resulted in a decline in flow through the perfused coronary vessels. No explanation on this different reactivity of the vessels has as yet been furnished.
Since the nitrous oxide method measures only over-all changes in coronary flow but records neither rapid nor phasic alterations, it is possible that a brief decline in coronary flow, induced by smoking, remained unrecognized. However, as ballistocardiographic or electrocardiographic alterations are not present in normal individuals during smoking, such a diminution in coronary flow is unlikely.
SUMMARY
The effect of cigarette smoking on the coronary blood flow, myocardial oxygen consumption, and myocardial extraction of glucose, pyruvate, lactate, and ketones was followed in subjects without evidence of heart disease. Catheterization of the coronary sinus was performed to obtain coronary venous blood.
There was a significant rise in coronary blood flow and heart rate and a significant decline in coronary vascular resistance and myocardial extraction of oxygen and glucose.
These results indicate that cigarette smoking in normal subjects does not result in constriction of the coronary blood vessels. An uncomplicated method is described that provides an adequate circulation of oxygenated blood to the vital organs of the body during the period of cardiac by-pass in patients undergoing operations within the open chambers of the heart. This is accomplished by a simple pump that simultaneously delivers blood from an arterial reservoir to the arterial system of the patient and withdraws an equal volume of venous blood from the vena caval system. A simple method of obtaining blood possessing arterial chemical characteristics with which to supply the arterial reservoir is discussed. This can be done by utilizing the physiologic observation that blood drawn from a vein of an extremity that has been subjected to an external heat of 45 to 47 C. for 15 to 20 min. is arterialized. Thus, by preheating the arms of blood bank donors, relatively large quantities of arterialized venous blood can be collected with ease.
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